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@ Wound implant materials. 

@ Wound implant materials are described com- 
prising a plurality of bioabsorbable micros^ 
pheres bound together by a bioat)sort>able 
matrix, such as in a freeze-dried collagen mat- 
rix The microspheres preferably comprise over 
30% of the volunne of the n^atenat, and prefer- 
atsiy have diameters of 10 »un to 1500 ^nv The 
mtcrospheres and/or the matrix preferably^ com- 
prise a polyfactic/poly^yoorrc copo^yimr, coOa- 
gen, cross-linked coiagen, hyalufmic acid, 
cross-linked hyaluronk: ackl, an fina le or a 
celluk>se derivative. The rm^ng srtpiants &tB 
stronger and more stow^ r^ort)e<i than con- 
ventk)nd collagen sportge snf^ants. Better con- 
trol over the porosity of the ^Yiftont is achieved. 
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The present invention relates to novel bioabsort> 
able materials for use as or in wound implants, and to 
methods of preparation of those materials. 

Healing of cavity wounds depends on the produc- 
tion by the wound of substantial quantities of matrix s 
materials and granulation tissue as natural filler, and 
the dekeratinization and migration of cells at the per- 
iphery of the wound across the moist surface of the 
neoangiogenic matrix. Currently, such wounds are 
treated with dressings designed to maintain a moist io 
environment and to prevent fluid loss, infection, ad- 
herence and trauma. Additionally, alginates and hy- 
drocolloids have been used to absorb excess exudate 
and contribute to granulation induction. These mate- 
rials have the obvious disadvantage that they are not is 
designed to be 'absorbed' by the wound and there- 
fore must be removed from the cavity, usually with Ir- 
rigation and disruption of wound reparation. 

An effective alternative to alginates and hydro- 
colloids would be similar materials constructed from 20 
absorbable biomaterials with a determined pharma- 
cological fate that could be left in situ throughout and 
after wound healing. Hitherto, the materials suggest- 
ed for this purpose have included bloabsorbable 
sponges formed by freeze-drying solutions or sus- 25 
pensions of bioabsorbable polymers. 

Advantageously, these bioabsorbable polymers 
are natural biopolymers such as collagen, fibrin, fi- 
bronectin or hyaluronic acid. Such materials are not 
only highly biocompatible and biodegradable, but 30 
they can also assist wound healing by promoting the 
proliferation of fibroblasts, and by promoting angio- 
genests. 

For example. US-A^970298 (Fredrick H. Silver 
t ai) describes a biodegradable collagen matrix suit- 35 
atrfe for use as a w<^nd implant The matrix is ftmned 
by freeze drying a dispersion conta^kig ccrfl^en, 
cfossiinking the collagen via two crossllr^kig steps 
and freeze-drying the crosslinKed matrix. Tto matrix 
may also ctwitain hyaluronic add and f ibrone^. 40 

\N090mmo (Collagen Corporation) describes 
collagen imfrfants that are formed by flash freezing 
and then freeze-<fry|f^ a suspensk>n of cdtagen fi- 
brils wfthout chen^ cross-iinkir^. The iiTHilants 
have a bulk density of 0.01 to 0.3 g/cm» and a pore 45 
population in which at least about 80% of the pms 
have an avOTge pore size of 35 to 250 mitv This 
wound healing matrix also serves as an effective sus- 
tained delivery system for bioactive agents. 

EP-A-0274898 (Ethicon Inc.) d^crib^ an at>- so 
sorbaWe implant material having an open ceil, foam- 
like structure and formed from resorbable pdyesters. 
such as pdy-p-di xanone. other poiyhydroxycart>ox- 
yiic adds, pdyiactides or polyglycdkJes. Th open- 
cell plastfc matrix is reinforced with one r more rein- 55 
fordng elements of a t xtile nature formed from a re- 
sectable plastic and embedded in th matrix. The 
open-cell plastic matrix is made by freeze-drying a 



solution or suspension of the plastic material in a non- 
aqueous solvent. The pore size of the open-cell plas- 
tic matrix is from 10 to 200 jxm. 

JP-A-03023864 (Gunze KK) describes a wound 
implant material comprising a collagen sponge matrix 
reinforced with fibres of poly-L-iactic add. The col- 
lagen sponge matrix is formed by freeze drying a sol- 
ution of porcine atherocoilagen. 

The above bioabsorbable sponge implants are 
formed by freeze-drying solutions or suspensions of 
a bioabsorbable material in a solvent. However, it is 
generally difficult to contrd the pore size and overall 
density of sponge materials made in this way. Normal 
freeze-drying procedures result in sponges having 
large pores and low density. Such sponges are weak, 
and tend to be resortDed too quickly to be suitable in 
practice for use as wound implants. The physical 
weakness of the sponges has been addressed by em- 
bedding bioabsorbat^e reinfordng fibres in the 
sponge matrix, but the reinforcing fibres cannot pre- 
vent the rapid breakdown and resorption of the 
sponge matrix in situ. 

The rate of resorption of the f reeze-dried spong- 
es has typically been reduced by chemical cross- 
linking of the polymer making up the sponge. For ex- 
ample, the collagen in a collagen sponge can be 
cross-linked with carbodiimkje or glutaraldehyde to 
make it insoluble and to reduce the rate of breakdown 
of the collagen by cdlagenase present at the wound 
site. This chemical cross-linking by its very nature 
makes the collagen less biocompatible and less 
wound-friendly. Moreover, even with cross-linking, it 
« difficult to obtain a contrdled and optimised rate'of 
cellular invasion and res<Mptk>n of the implant 

Some control over the pore size and density of 
freeze-dried sponges can be achieved by varying 
parameters such as the concentratton of the starting 
solution orsuspensk^ and the rate of freezing. Small- 
er pore sizes can be obtakied by "flash-freezing- the 
solution or suspension, since this restdts in the forma- 
tkDn of smaller ice cry^s in the frozen sdution. How- 
ever, even flash-freezing fdlowed by freeze drying 
results in a sponge of quite low bulk density.' with 
highly disperse p<ye sizes typically in the range of 35 
to 250 nm. 

Accordingly, it is an object of the present inven- 
tk>n to provide a bioabsort>dble wound implant mate- 
rial that has high strength and contrdled porosity. 

The present invention j»t)vides a wound implant 
material comprising a plurality of btoabsorbable mi- 
crospheres bound together by a bioabsorbable ma- 
trix. The term 'bk)absort>dd6 microspheres* refers to 
substantially spherical partides of one or more bioab- 
sorbable materials. Preferably, the degree of non- 
sphericality of th partteles, as defined by the aver- 
age ratio of the largest diam ter to the smallest diam- 
eter of each partid .is I ss than 2.0. nwe preferably 
I ss than 1 .5 and most preferably less than 1 .2. A ratio 
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of 1.0 would correspond to perfectly spherical partic- 
les. The microspheres may t>e solid or hollow, or may 
comprise microcapsules encapsulating a solid, liquid 
or gel comprising a pharmacologically activ sub- 
stance, a biopolymer or a growth factor. The micro- 5 
spheres need not be of uniform size, t>ut preferably at 
least 90% of the microspheres have diameters- be- 
tween 50 ^m and 1500 ^m. More preferably, at least 
90% of the microspheres have diameters between 
200 ^m and 10(X) \an. Most preferably, at least 90% io 
of the microspheres have diameters between 5(X} ^m 
and 800 \im. 

The bioabsorbable matrix may be a s<^id or a 
semi-solid such as an aqueous get of a biopolymer. 
Pr ferably, the matrix is a bioabsorbable solid ot>- is 
tained by air drying or f reeze-drying a gel solution or 
suspension of a btoat>sorbdt>le polymer in a solvent. 
The broabsorbafc)le matrix nr^y comfmse the same 
material as the microspheres, or may comprise other 
materials. 20 

It can thus be seen that the wound implant mate- 
rials according to the present invention are aggre- 
gates of solid microspheres bound together by the 
bioabsorbable matrix material. Preferably, the mate- 
rials contain at least 30% by volume of the micro- 25 
spheres. More preferably, the materials contain at 
least 40% by volume, and most preferably at least 
50% by volume of the microspheres. It will be appre- 
ciated that based on closest packing of spheres, the 
materials may contain up to 72% by volume of nnicro- 30 
spheres of identical size, and a stilt higher fraction by 
volume if the microspheres are size disperse. 

The porosity of the materials according to the 
present invention may be controlled k>oth by varying 
the size of the microspheres and by varying the vol* 35 
utne fr^ion o# the microspberes in the material. 
Average pore sizes in the range 50 \jtm have 

been described as optimal for tissue ingrowth. 

The preferred m^^^ for the t ^ b s< yt) a bte nr»- 
trix is collagen m sdid, g^ or sponge fcmn. The vol* 40 
ume of the btoabsort>able matrix is n<^ more than 70% 
of the total vdim^ of the mat^ri^ according to the 
present invention. Prsferat>ty, the bioabsorbat^e ma- 
trix does not occupy the whole of the interstitial space 
bet¥reen the microsplieres, tHJt Instead is concentrat- 45 
ed in the region of contact between nrncrospherro, 
where it functions as a glue to hold the nrticrospheres 
together. Preferably, the btoat>sort>able matrix mate- 
rials do not comprise more than 20% t>y votun^ 
and/or 20% by weight of the materials according to so 
th present invention, and more pr6ferat>ly they do 
not ocm>pnse more than 10% by volume and/or 10% 
by weight of the materials. 

Preferat^y, ttie micrc^pheres and/or the matrix 
comprise one or more bioat>sort>able polymers mde- 55 
pendently selected from the group consisting of poly- 
mers or copolymers of tactic add and/or glycollc acid, 
collagen, cross-linked collagen, hyaluronic ackJ, 
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cross-linked hyaluronic acid, an alginate or a cellu- 
lose derivative- Preferably, the microspheres or the 
matrix, or t>oth, additionally contain pharmaceutically 
active compounds such as fibronectin. a cytokine, a 
growth factor, an antiseptic, an antibiotic, a steroid or 
an analgesic. 

The wound implant materials according to the 
present invention may be reinforced by including fi- 
bres or a mesh of a suitatHe bioabsorbable polymer 
such as potytactic/polyglycotic acid or oxidised regen- 
erated ceflulose. 

It will also be appreciated that single pieces of the 
materials according to the present invention can be 
made with more than one porosity. For example, a 
layered structure could be made by building up layers 
containing microspheres of different sizes, thereby 
giving different porosities in different layers of the 
material. 

The wound implant materials according to the 
present invention can be cut into any suitable shap 
for use as or in a wound implant. 

The present invention also encompasses a meth- 
od of making a wound implant material as described 
above, comprising the steps of: preparing bioabsorkj- 
able microspheres; dispersing the bioabsorbable mi- 
crospheres in a solution or suspension of a bicab- 
sort>at>le material in a solvent; and removing the sol- 
vent by evaporation. PreferafcHy, the solvent is re- 
moved by freeze drying. 

The microspheres may be made by any of the 
methods known in the art. These methods are re- 
viewed, for example, by R.C. Oppenheim in P<^ymer- 
ic Partides and Microspheres . Guiot and Couvreur, 
editors, Chapt^ I, pp 1-25 (CRC Press, 1988). The 
mo^ oonwnonty used nrtettK>d comprises dtepersing a 
water-insoluble t>k)at^ort>ak>le pdymer in a nonaqu- 
eous, volatile solvent fdkswed by mbcing the sdvent 
with water and an miutsif ler, emulsifying the mixture 
and then evaporating the solvent under reduced pres- 
sure. Crosslinlcmg agents and/or pharmaceutk^ally 
active compounds may be induded in the emuisk>n. 
Methods of rr^aking bnabsorbabte microspheres ar 
also described in US-A-3092553, EP-A-0119076. 
EP-A-0351296, WO91/06286 and W091/15193. Th 
as-prepared mk:rospheres are generally size dis- 
perse, having diameters in the range 0.01 ^m to 1500 
^ln. It ^ generally found that larger microspheres suit- 
at>le for the practice of the present invention are ob- 
tained from water-in-oil emulsion by cross-linking and 
evaporatksn. Smaller microspheres are obtained from 
oiMn-water emutsrans. 

Large biopolymer microspheres suitable for the 
practice of the present invention may also b otv 
tained by the extrusion of a laminar flow of an aqu- 
eous dispersksn of th bk>polyfner. The laminar flow 
is then broken up by vibrations into droplets, which fall 
into a cross-linking bath to form the cross-linked mi- 
crospheres. 
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Specific techniques for forming biopolymer mi- 
crospheres in the size range of interest for the present 
invention are described in detail in EP-A-0381543 
and WO92/02254. Biopolymer microspheres suitable 
for the practice of th present invention may be ob- 5 
tained from Bioetica, 32 Rue Saint-Jean-de-Oieu, 
69007 Lyon, France, under the Trade Mark Type A 
Coilaspheres". 

Preferred size ranges can be isolated by filtration 
or centrif ugatton. w 

An embodiment of the present invention will now 
be descrit>ed further, by way of example, with refer- 
ence to the accompanying drawing, which shows a 
schematic cross-se<^ion through a material according 
to the present invention. is 

Example 1 

A cross-linked ester of hyaluronic acid prepared 
as described in EP-A-0265116 (Fidia SpA) is dis- 20 
solved in a volatile organic solvent and fibrous col- 
lagen is added to the resulting solution. The solution 
is mulsif led in water using gelatin as the emulsif ier. 
The organic solvent is removed under reduced pres- 
sure at room temperature to leave a suspension of hy- 25 
aluronic acid ester/collagen microspheres dispersed 
in the water. Microspheres in the size range 600 ^m- 
SOO^m are isolated by filtration, dried, and mixed into 
a 7% collagen/water gel. The mixture is then f reeze- 
dried and cut into 5 cm x 5 cm x 0.5 cm doses. The 30 
density of the material is 50 mg/crrr*. of whrch 3 
mg/cm^ is the collagen matrix and 47 mg/cm^ is the 
microspheres. 

The reticutatk)n of the resdting implant material 
is assessed by electron rracroscfW' This shows con- 35 
sistent pore sizes of t>etween 50 and 250 ^m. 

Across-sectkm through resulting implant materi- 
al is shown 8Chematk:aliy in f^um 1. Referring to the 
Figure, the im^^nt mat^l^ 1 conr^^rises micro- 
spheres 2 stuck tog^her tsy the ootiagen matrix 3. 4o 
The matrix 3 does naU f ifl tt^ whole of the interstitial 
space between the mlcrospt^i^ but leaves the 
pores between the rrtoospheres sut>^ntiaily open. 
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A wound Implant mater^ is prepsu^ as in Exam- 
ple 1 . with addition of hyalimmk: acid at a concentra- 
ti n of 0.1 to 2 mg/cm^ based cm the weight of the dry 
finished material, to the collagen/water gel. The re- so 
suiting material benefits from the chemotactic effect 
of hyaluronk: acid assi^ng ovular ingrowth. 

Th materials prepared as atx>ve have a more 
consistent pore size than conventional bioat>sorbabl 
spong Implants. This altows more precise control of 55 
c^tular ingrowth and rate of resorption in situ. The 
bulk density of the materials according to th present 
inv ntion(10-1(X)mg/cm^) may be made higher than 



that of conventional f reeze-dried sponges depending 
on the application, resulting in a stronger and nr>ore 
slowly absorbed implant. Furthermore, the rate of ab- 
sorption of the microspheres can be tailored within a 
wide range. This allows, for example, the preparation 
of Implants that are absorbed more slowly than a con- 
ventional freeze-dried collagen sponge. 

The at>ove examples are intended for the pur- 
pose of illustration only. Many other embodiments 
falling within the scope of the accompanying claims 
will be apparent to the skilled reader. 



Claims 

1 . A wound implant material comprising a plurality of 
bioabsorbable microspheres t)ound together by a 
bioat^sorbatHe matrix. 

2. A wound implant material according to daim 1 
wherein the microspheres comprise at least 30% 
of the volume of the material. 

3. A wound implant material according to daim 1 or 
2 wherein the microspheres comprise at least 
40% of the volume of the nrraterial. 

4. A wound implant material according to daim 1 , 2 
or 3 wherein the microspheres comprise at least 
50% of the volurne of the material. 

5. A wound implant material according to any pre- 
ceding daim wherein the matrix is a solid mate- 
rial. 

6. A wound implant mat^ial according to daim 5. 
wherein the matrix nrtaterial is freeze-dried. 

7. A wound impHant materi^d according to any pre- 
ceding daim, wherein the microspheres com- 
prise hollow microspheres or mk:rocapsules. 

8. A wound implant material according to any pre- 
ceding daim wherein the microspheres and/or 
the matrix are the same or different and comprise 
a polymer or copolym^ of lactic add and/or gly- 
colc add, collagen, cross-linked collagen, hya- 
luronk: add, cross-linked hyaluronto add, an al- 
ginate or a cellulose dOTvatlve. 

9. A wound implant material according to any pre- 
ceding daim wh rein the microspheres and/or 
the matrix comprise fit>ronectin, a cytokine, a 
growth factor, an antiseptic an antibiotic, a ster- 
oki or an analgesic. 

10. A wound implant material according to any pre- 
ceding daim wherein at least 90% of th micro- 
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spheres have diameters between 50 ^im and 
1500 ^m. 

11. A wound implant material according to daim 10 
wherein at least 90% of the microspheres have di- 5 
ameters between 200 |im and 1000 ^m. 

12. A wound implant material according to daim 11. 
wherein at least 90% of the microspheres have di- 
ameters between 500 ^im and 800 ptm. to 

1 3. Use of a wound implant material according to any 
preceding daim for the preparation of medica- 
ment for the treatment of wounds. 

14. A process of preparing a wound implant material 
according to any of daims 1 to 9. comprising the 
steps of: 

preparing bioabsorbable microspheres; 

dispersing the bioabsorbable micro- 
spheres in a solution or suspension of a bioab- 
sorbable nr^terial in a solvent and 

removing the solvent by evaporation. 

1 5. A process according to daim 14, wherein the sd- 25 
vent is removed by freeze-drying. 
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(S) Wound implant materials. 

(g) Wound implant materials are descrilied conv 
prising a plurality of bioabsofbable micros- 
pheres bound together by a btoabsorbable 
matrix, such as in a freeze-dried collagen mat- 
rix. The microspheres preferatMy comprise over 
30% (tf the volume of the material, and prefer- 
ably have diameters of 10 ^m to 1500 ^m. The 
microspheres and/or the matrix preferat)ly com- 
prise a polyiactic/polyglyoolk: copolymer, cdla- 
gen, cross-linked collagen, hy^tmnic add, 
cross-linked hyaJuronk: ackl, an alginate or a 
cettiiose dmvative. The resulting ^rtfNants are 
stronger and more slowly resort)ed tfxan con- 
vention^ collagen sponge implants. Bett^ con- 
trol over the ponraity of the im^^ant is achraved. 
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